We have described previously a disulfide-bonded 550,000-D cartilage matrix glycoprotein (CMGP), which is found in normal hyaline cartilage, fibrocartilage, and the vitreous of the eye, and consists of subunits with apparent molecular weights of 130,000 in 4% gels (116,000 in 9% gels). In osteoarthritic cartilage from dogs subjected to transection of the anterior cruciate ligament (ACL), CMGP is cleaved to major immunoreactive fragments with apparent molecular weights of 65,000 and 75,000 after reduction with 2-mercaptoethanol. In the present study, using immunolocation analysis, a monoclonal antibody to CMGP did not react with serum from 8 of 12 dogs before ACL transection but did react with serum from seven of these animals 4 wk after surgery and with serum from 10 dogs at sacrifice, 8-14 wk after ACL transection. Serum from four dogs reacted with the monoclonal antibody before ACL transection. Serum from two dogs was negative at all time points. Immunolocation studies using a polyclonal antiserum to CMGP were performed in seven of these dogs and produced results identical with the monoclonal antibody in four dogs. In contrast, analysis of serial serum samples from three dogs with cartilage atrophy revealed no evidence of CMGP at any time point. These data suggest that CMGP may be a serum marker for osteoarthritis in this canine model.
Introduction
We have previously described a 550,000-D noncollagenous, nonproteoglycan cartilage matrix glycoprotein (CMGP),' which consists ofdisulfide-bonded subunits with apparent molecular weights of 130,000 each in 4% SDS-polyacrylamide gels (116,000 in 9% gels) (1, 2) . CMGP is found in normal hyaline cartilage (1) and fibrocartilage (2) and in the vitreous of the eye (3). It has not been detected in normal human or canine serum or in normal human synovial fluid (1), but it is found in synovial fluid from patients with osteoarthritis (4) . CMGP represents -10% of the total newly synthesized noncollagenous, nonproteoglycan protein in organ cultures of normal canine articular cartilage (5) . It is rapidly metabolized in short-term organ cultures of canine articular cartilage, where it has a half-life of 48-72 h (5) . Immunofluorescence studies have revealed that CMGP is located in a pericellular and interterritorial distribution in normal adult canine articular cartilage (6) .
We have examined this protein in cartilage from dogs with osteoarthritis produced by transection of the ipsilateral anterior cruciate ligament (ACL) (7) . In extracts of the osteoarthritic cartilage, most of the immunoreactivity appeared as a major fragment with an apparent molecular weight of 65,000 and as a less intense fragment with an apparent molecular weight of 75,000 after reduction with 2-mercaptoethanol (7). Significantly less 1 16 ,000-D subunit protein was noted in 9% gels after reduction of extracts of the osteoarthritic cartilage than in extracts of cartilage from the contralateral knees or of normal control canine cartilage (7) . The purpose ofthe present study was to determine whether CMGP might serve as a serum marker for osteoarthritis in this model.
Methods
Osteoarthritis model. 12 normal adult mongrel dogs underwent transection of the right ACL through a sterile incision using a standard surgical procedure employed in this laboratory (8, 9) . Briefly, the joint capsule was entered via an oblique anteromedial approach. The ACL was transected with a scalpel, and the cartilage was not damaged (8) . After suturing, the animals were allowed to ambulate in their pens until they were killed with an overdose of sodium pentothal 8-14 wk postoperatively. Serum was obtained from each dog before surgery, 4 wk postoperatively, and at sacrifice, 8-14 wk after surgery, and was stored at -20°C until used.
Cartilage atrophy model. One hind limb of three normal adult mongrel dogs was immobilized for 8 wk in an orthopedic cast in -900 of hip and knee flexion without forced compression (10). Serum was obtained from each dog before casting, 4 wk later, and at death after 8 wk of immobilization, and was stored at -20°C until used.
Gel electrophoresis and immunolocation analysis. Aliquots of all serum samples were treated with 1% (vol/vol) 2-mercaptoethanol (Bio-Rad Laboratories, Richmond, CA) before electrophoresis. Electrophoresis was performed in 4% and 9% SDS-polyacrylamide slab gels in a Laemmli system (1 1). The gels were transferred to nitrocellulose membranes (Millipore Corp., Bedford, MA) in an E-C Electro-Blot apparatus (E-C Apparatus Corp., St. Petersburg, FL), as described elsewhere (12, 13) or with a Deca-Probe (Hoefer Scientific Instruments, San Francisco, CA). Non-fat dry milk (Carnation, Los Angeles, CA) was used as a 0.5% solution to prevent nonspecific protein binding by the nitrocellulose membranes (14) . The membranes were cut into strips and were incubated with a mouse monoclonal antibody to CMGP (see below), with a specific rabbit polyclonal antiserum to CMGP (1, 2, 6) , or with nonimmune control serum, and then with '25I-labeled goat anti-mouse immunoglobulin antiserum for the mouse antibody (New England Nuclear, Boston, MA) or with '25I-labeled staphylococcal protein A for the rabbit antiserum (New England Nuclear) before autoradiography (1, 12, 13). The monoclonal antibody was used to examine all serum samples from the osteoarthritic dogs, while only seven of these sets of samples were available for study with the polyclonal antiserum ( Table I ). The samples from the casted animals were examined only with the polyclonal antiserum.
Production of monoclonal antibody. A monoclonal antibody has been prepared to bovine CMGP in the Hybridoma Core Facility ofthe Indiana University Diabetes Research and Training Center (Dr. Merrill D. Benson, Director) by Mr. W. Kuster. Normal cartilage was obtained from the hock joints of adult steers (2-3 yr of age) at the time of slaughter. The cartilage was pooled and frozen at -70'C until used. The cartilage was finely ground in liquid nitrogen, using a mortar and pestle, and was extracted for 48 h at 4VC with 0.15 M NaCl, buffered with 0.05 M sodium acetate, pH 5.8, containing 0.01 M N-ethylmaleimide (Sigma Chemical Co., St. Louis, MO), and protease inhibitors, as described elsewhere (1, 2, 6, 15, 16) . After extraction, the samples were centrifuged at 18,000 g for 30 min at 4°C in a Beckman J-2 lB centrifuge (Beckman Instruments Inc., Palo Alto, CA). The supernatant was filtered and dialyzed against 0.05 M sodium acetate, pH 7.2, in the presence of the protease inhibitors.
We have described previously the production of a rabbit antiserum to bovine CMGP (1, 6) . This antiserum was precipitated with saturated ammonium sulfate and was coupled to AH-Sepharose-4B beads (Pharmacia Fine Chemicals, Piscataway, NJ), using a carbodiimide linkage, per the manufacturer's instructions. The bovine cartilage extract, which had been dialyzed against 0.05 M sodium acetate, was diluted 1:10 with PBS, containing 0.25% deoxycholate and 0.25% Nonidet P-40 (LKB, Bromma, Sweden) (17). 1 ml was layered onto a 3-ml affinity column for 1 h. The column was washed with two column-volumes of PBS and one column-volume of 3 M magnesium chloride (17) . The fractions were monitored at 206 nm on a spectrophotometer (260; Gilford Instruments Inc., Oberlin, OH). Portions of the protein-rich fractions that eluted with 3 M magnesium chloride were dialyzed against SDS-containing sample buffer (see above). Aliquots were electrophoresed in 9% SDS-polyacrylamide gels, as described above, and were stained with Coomassie blue or were studied by immunolocation analysis after transfer to nitrocellulose membranes to identify fractions containing purified CMGP.
To produce the monoclonal antibody, 12-wk-old BALB/c female mice were immunized intraperitoneally with 100 Mg of affinity column-purified CMGP in complete Freund's adjuvant. The mice were boosted intraperitoneally with 50Mg ofCMGP in incomplete Freund's adjuvant every 2 wk. When polyclonal antibodies to CMGP were demonstrable by double diffusion in agar, the mice were boosted intraperitoneally with 20 ,g of CMGP in saline. They were killed 4 d later, and spleen cells were fused to the murine myeloma cell line P3XAg8.653 (18) at a ratio of 5 spleen cells to one myeloma cell in 50% polyethylene glycol, according to the method of Kohler and Milstein (19) .
Hybridomas were screened for production of antibody to CMGP. CMGP was bound to 96-well ELISA plates (Dynatech, Alexandria, VA) coated overnight with 100 Ml of a 10 ug/ml solution of purified bovine CMGP in 0.05 M carbonate buffer, pH 9.6 (20-22). The plates were decanted and nonspecific protein binding was blocked with 0.5% BSA in PBS, pH 7.4, for 2 h at 37°C. 100 gl of hybridoma supernatant was added, and the samples were incubated for 2 h at 37°C. The plates were washed and bound antibody was detected using goat anti-mouse immunoglobulin antiserum conjugated to alkaline phosphatase (Sigma) in a 1:1,000 dilution for 1 h at 37°C. The plates were then incubated with 1 mg/ml of p-nitrophenylphosphate (Sigma) in 10% diethanolamine buffer, pH 9.8 (20-22). Absorbance was read at 400 nm in a Dynatech MR 600 micro-ELISA reader. Specific screening of selected clones was accomplished by immunolocation analysis of CMGP from extracts of bovine and canine cartilage on nitrocellulose membranes, as described above, using '25I-labeled goat anti-mouse immunoglobulin antiserum (New England Nuclear) as the second antibody. Control immunolocations were performed using type II collagen, proteoglycan, and link proteins as antigens.
One clone produced antibodies to the 1 16,000-D subunit ofCMGP (ARS 5-G-3) and was used in this study. This antibody did not crossreact by immunolocation analysis on nitrocellulose membranes with type II collagen, proteoglycan, or link proteins. It did, however, crossreact with CMGP from normal canine cartilage and with fragments of CMGP with apparent molecular weights of 65,000 and 75,000 from extracts ofbovine and canine cartilage. The clone was injected into the peritoneum of a mouse, and the resulting ascitic fluid was precipitated with saturated ammonium sulfate.
Histologic and biochemical studies. After death, full-thickness cartilage biopsies were obtained from two adjacent sites on the central weight-bearing surfaces of the medial femoral condyles of both knees of each dog. Portions of one biopsy from each dog were sectioned (6 Mm) and stained with Safranin-O-Fast green (23) . The other piece was analyzed for uronic acid concentration (24, 25) and water content (8) .
The P values were determined by the paired t test method. The thick- Glycosaminoglycan metabolism. Slices of cartilage from weightbearing areas of medial and lateral femoral condyles of both knees of seven of the dogs subjected to ACL transection and of all of the casted dogs were incubated in triplicate in Ham's F-12 culture medium containing 10% newborn calf serum for 20 h at 370C in 95% air/5% CO2. This was followed by a 4-h incubation with medium containing "S-labeled sulfate (20 ,Ci/ml) (New England Nuclear). At the end of the incubation period, the medium was removed and the cartilage was weighed and digested with 1 mg/ml of pronase (Calbiochem-Behring Diagnostics, La Jolla, CA). The medium and the pronase-digested cartilage were dialyzed to yield background counts in the dialysate, and net glycosaminoglycan synthesis was determined by the sum of the counts per minute in the medium and the pronase digest and was expressed as percent of that of the samples from the contralateral knee (26) .
Results
Osteoarthritis model. Gross inspection of the operated knees revealed osteophytes and irregularity of the cartilage surface. The contralateral (unoperated) knees were normal. Sections of cartilage from the operated knees of all 12 dogs revealed changes compatible with mild to moderate osteoarthritis ( Fig.  1 A) , with chondrocyte clones in all 12 dogs and fraying of the superficial zone in 11. Safranin-O staining was increased, primarily in the superficial regions, in eight dogs (Table I) . Sections of cartilage from the contralateral knees were histologically and histochemically normal (Fig. 1 B) . Uronic acid concentration and water content were determined on aliquots of cartilage from both knees of 10 of the dogs (Table I ). The mean uronic acid concentration of cartilage from the osteoarthritic knees was 5.02±2.19% dry weight of cartilage, while that of the contralateral knees was 3.29±1.08% (P = 0.082). The mean water content was 69.91±6.99% of the total weight of the osteoarthritic cartilage and 59.94±2.93% of the total weight of the samples from the contralateral knees (P = 0.006).
9% SDS-polyacrylamide gels of serum samples obtained from 8 of the 12 dogs before ACL transection and reduced with 2-mercaptoethanol revealed no immunoreactive material when transferred to nitrocellulose membranes and incubated with the monoclonal antibody, followed by incubation with '251I-labeled goat anti-mouse immunoglobulin antiserum and autoradiography (Table I and Fig. 2 ). In contrast, serum from the other four dogs reacted with the monoclonal antibody before ACL transection (Table I) . The apparent molecular weight of the immunoreactive material after reduction with 2-mercaptoethanol was 116,000 in 9% gels ( CMGP obtained by electroelution from a 9% gel of a bovine cartilage extract (Fife, R. S., and M. Mundy, manuscript in preparation) was used as a control for the reaction of the monoclonal antibody with CMGP (Fig. 3) . 4 wk postoperatively a protein band with an apparent molecular weight of 116,000 in 9% gels was noted in immunolocation studies of reduced serum samples, using the monoclonal antibody, from three of the eight dogs that were negative before surgery (Table I) . Samples from the four dogs whose serum contained CMGP before surgery also reacted positively 4 wk after surgery. At sacrifice 8-14 wk after ACL transection, serum from 10 dogs revealed CMGP in transfers of 9% gels after reduction with 2-mercaptoethanol (Table I and Fig. 2 (Fig. 5 A) and the normal appearance of the cartilage from the contralateral knees (Fig. 5 B) . Samples from immobilized knees showed decreased Safranin-O staining and decreased thickness, in comparison with the samples from the contralateral knees (Table II) . The sections of cartilage from the casted knees had a mean thickness of 0.60±0.10 mm, while those from the contralateral knees had a mean thickness of 0.87±0.18 mm. The mean uronic acid concentration of cartilage from the casted knees was 4.0±0.1% dry weight of cartilage, while that of the samples from the uncasted knees was 4.0±0.2% (Table  II) . The mean water content of cartilage from the immobilized knees was 70.5±3.3%, while that from the contralateral knees was 69.9±1.9% (Table II) .
Serial samples of serum from dogs with cartilage atrophy contained no material that was immunoreactive with CMGP at any time point (Table II and Fig. 6 ). Similarly, no specific bands were noted after incubation of the serum samples with nonimmune serum.
Comparison of net glycosaminoglycan synthesis by osteoarthritic cartilage (114±27.7% of control) and atrophic cartilage (45.3±7.7% of control) (reported as percentage of that of the corresponding control knee in Tables I and II) revealed decreased glycosaminoglycan synthesis by the atrophic cartilage.
Discussion
The diagnosis of osteoarthritis usually depends on a combination of clinical and roentgenographic findings. The latter are not often evident until the disease is relatively far advanced, though radiographic evidence of osteoarthritis can be found in 80% of individuals over the age of 55 (27, 28) . Although the disease may be recognized arthroscopically in joints without radiographic changes, the only noninvasive means available for the detection of early osteoarthritis have been magnetic resonance imaging (29) and ultrasonography (30, 31) , neither of which is available for widespread clinical use.
Work is under way in a number of laboratories to identify serum and/or synovial fluid markers for the early detection of osteoarthritis and other arthritides. Thonar and co-workers (32) reported an increase in the concentration of a circulating epitope of keratan sulfate in the serum of patients with osteoarthritis. These studies, however, did not control for the size or number of osteoarthritic joints, for the severity of the disease, or for the presence of intervertebral disc degeneration, which is relevant since the disk contains a large quantity of keratan sulfate (33) . No consistent correlation was found between the serum concentration of the keratan sulfate epitope and the presence of osteoarthritis (32) . More recently, Brandt and Thonar (34) reported a lack of correlation between serum keratan sulfate levels and osteoarthritis in the canine ACL transection model.
Caterson and colleagues (35, 36) have used monoclonal antibody technology in an attempt to identify fragments of proteoglycans or other cartilage macromolecules in sera from individuals with osteoarthritis. Saxne and co-workers (37, 38) reported an inverse correlation between the synovial fluid content ofproteoglycans, as detected by ELISA, and the extent ofcartilage destruction, as judged by roentgenography. Friman and co-workers (39) found an increase in circulating plasma glycosaminoglycans in rabbits subjected to joint immobilization, which developed lesions considered to be compatible with osteoarthritis. Poole and colleagues (40) identified fragments of proteoglycans in synovial fluids of patients with rheumatoid arthritis. Gysen and Franchimont (41) have reported a sensitive radioimmunoassay capable of detecting small amounts of human proteoglycans in serum and synovial fluid.
Morphologic studies in this and other laboratories have shown that canine cartilage is minimally abnormal 4 wk after ACL transection, although net glycosaminoglycan synthesis (42, 43) and water content (43) are generally increased. The osteoarthritis which develops in this model is commonly associated with a decrease in the proteoglycan (uronic acid) concentration of the matrix (9, 42, 44 ) and a corresponding decrease in Safranin-O staining. Typically, however, in the early stages of this model and, occasionally, even in later stages the uronic acid concentration and Safranin-O staining may be increased (43, 45, 46) , as seen in the present study (Table I) . A similar phenomenon can occur in human osteoarthritis (47) . This presumably represents deposition and retention in the matrix of large quantities of newly synthesized proteoglycans during a repair attempt by the chondrocyte (48) .
It is unknown at present whether CMGP is a marker of cartilage degradation or of cartilage repair in osteoarthritis. The fragmentation of CMGP in serum from several dogs in this study suggests proteolytic degradation. The 
